Preliminary observations in 1978 indicated that geese responded differently to the conditions prevailing in these two types of marshes. To investigate these responses, a comparative study of the birds' food habits, movements, time and energy budget was conducted in 1979 and 1980. In this article, we summarize one aspect of that larger investigation, the process of spring fat accumulation, together with a comparison of fattening rates in birds using either Scirpus or Spurt&a marshes. In this way, we hope to establish whether the recent range expansion into the Spartina habitat has affected the accumulation of fat reserves essential for these birds to reach their breeding grounds in peak condition.
Preliminary observations in 1978 indicated that geese responded differently to the conditions prevailing in these two types of marshes. To investigate these responses, a comparative study of the birds' food habits, movements, time and energy budget was conducted in 1979 and 1980. In this article, we summarize one aspect of that larger investigation, the process of spring fat accumulation, together with a comparison of fattening rates in birds using either Scirpus or Spurt&a marshes. In this way, we hope to establish whether the recent range expansion into the Spartina habitat has affected the accumulation of fat reserves essential for these birds to reach their breeding grounds in peak condition.
STUDY AREA
Our study was conducted on the south shore of the St. Lawrence River between Montmagny and Isle Verte (Fig. 1) . The pronounced salinity gradient in the estuary strongly influences the littoral plant communities. Upriver from St. Roth-des-Aulnaies (salinity < 15o/oo), the three-square bulrush dominates the tidal u921 
METHODS
We collected 226 geese in 1979 and 217 in 1980. Of these, 70 were juveniles (one-year old birds, excluded from the present analysis) while the remainder had adult plumage. It is known that the Lesser Snow Goose rarely breeds before the third summer after hatching (Finney and Cooke 1978) but similar information is lacking for the Greater Snow Goose. Unfortunately, subadults (two-year old birds) could not be distinguished from breeding adults, since examining the cloaca1 bursa of thawed specimens produced unreliable results. Collections were made at approximately weekly intervals. Birds were shot and within a few hours were sealed in bags and frozen. Each specimen was weighed to the nearest gram before thawing and 11 external dimensions were measured. In 1979, rectrices were pulled out by hand on thawed specimens while remiges and contour feathers were cut with scissors and electric shears. The wings were disjointed at the elbow joint and the legs at the inter-tarsal joint. These structures were later included with the carcass (see below). The skin with the attached subcutaneous fat, and the abdominal fat mass were kept separately; the right half of the breast and the right leg (all those muscles originating either on the femur or the tibiotarsus) muscles were dissected out and the gizzard removed. The digestive tract was emptied and its contents weighed. Flesh was removed from the femur and tibiotarsus of the right leg and from the right side of the sternum and the pelvic girdle, and these bones were stored separately. "Car-G. GAUTHIER ET AL. cass" here refers to the remaining organs including viscera plus both wings and the left leg. To hasten the autopsies in 1980, the breast muscle, sternum and pelvic girdle were not excised but were included with the carcass. All tissues and organs were chopped and/or ground while frozen, to minimize fat losses, before being freeze-dried to a constant weight. For the breast and leg muscles, the skin and the carcass, only an aliquot of the homogenate was dried. Water losses were monitored during the autopsies and necessary corrections made.
The leg bones were broken, immersed in a petroleum-ether solvent for 24 h and fat-extracted in the Soxhlet apparatus for 30 min (six fluxes). The freeze-dried soft tissues were powdered in a blender and a l-g sample was weighed directly in a cellulose capsule before a 30-min extraction in the Rafatec apparatus (Randall 1974 We removed the last sample (n = 3) of SC1 females in 1979 from the regression analysis because it was too small and because we could not obtain more specimens before the flock departed for the arctic (Fig. 2) . Furthermore, we divided the 1980 fattening curve for SPA males into two segments because the curve levelled off at the end of April (Fig. 3) . A similar procedure was not justified in the females from the same area for 1980 since a weak, positive trend remained in the data even after removing the 15 birds obtained before 20 April.
We were unable to pool the data from 1979 P -c 0.0 1) and in SPA males (3.8 vs. 12.8 g/day, P -c 0.01) between the two years of study.
In females, the TFR was closely correlated with date at SCI. The gain was steady and rapid during both years. At SPA, a weaker correlation between these two variables in 1979 was due mainly to the shorter sampling period (Fig.  2) In males, TFR was closely related to date in both years of the study at SCI, but not at SPA. In 1979, TFR at the SPA site was only weakly correlated to date (Y = 0.34, P -c 0.05) and reflected a slight fattening. With samples obtained earlier in the season in 1980, we noted rapid fattening in the first half of the season, followed by a complete levelling off of the fat gains (Fig. 3) .
In 1979, the fattening rate of both sexes was greater at SC1 than at SPA (test for slope of the regression lines, P < 0.01 in males and in females). In 1980, the analysis revealed no difference in fattening rates between SC1 and SPA birds for either of the sexes. However? comparison of years and study sites, by testing the slopes of the regression equations, was not always justified. For instance, a comparison of fattening rates between 1979 and 1980 in SPA males can be misleading because of the different fattening patterns. Therefore, we also resorted to comparisons (by Student' s t-test) of samples obtained during equivalent sampling intervals in both study areas. By this procedure, we found that "arriving" geese at SPA were significantly fatter than "arriving" ones at SC1 (Table 1) (Table  1) . The difference became highly significant when both years were combined (P < 0.01; Table 1 ). The pooling of these two samples is justified since they did not differ significantly from each other between years (P < 0.05).
"Departing" females from SC1 were also fatter than "departing" females from SPA but the difference was not significant, even after pooling the data for the two years of the study (P > 0.05, Table 1 ). We believe that the small size of the 1979 sample (n = 3) before departure accounts, at least in part, for the absence of significant differences between "departing" females in the two localities.
We found no significant differences in the total fat reserves with respect to sex or year within a given marsh type (Table 1) . However, in terms of percentage of total body weight, females were generally fatter than males from the same locality; the difference was significant for SPA birds when both years were combined (males vs. females, 5 16 f 19 vs. 566 * 26 g, P < 0.01; Table 1 ).
DISCUSSION
Records kept from 1977 to 198 1 (BCdard, unpubl. observ.) reveal that the termination of the staging halt in the St. Lawrence estuary is always abrupt and rather set in time, always occurring between 17 and 22 May. Regular censuses showed that flock size was maintained right up until departure. The arrival of geese, however, is somewhat less predictable and can be either very early (the first birds were seen on 30 March in 1980) or delayed by one or two weeks when the spring weather is unfavorable (1979 for instance). Considering the large size of the staging area, the birds do not spread instantly in all parts of it upon arrival. Thus, in 1979, the first geese were seen at SPA a full 10 days after they were first seen on the SC1 marshes. In 1980, the milder spring conditions were related to a reduced interval of only four days. In the years since the study took place, we have seen the first geese come overland, presumably straight from the Atlantic coast, land first in the upper estuary region and then drift downriver over several days before settling in one of the salt-marshes of SaintDenis, Saint Andre, Cacouna or Isle Verte (Fig.  1) . That the first geese collected at SPA (both males and females) in 1979 were significantly fatter than the first ones collected at SC1 (Table  1) (Fig. 3) . Thus, our results show that the fresh-water, bulrushfeeding geese fatten steadily and rapidly throughout the staging period. The birds of the salt-water cordgrass marsh put on fat reserves just as rapidly as the others in the first half of the staging period (either by feeding for a while in the upper estuary, as in 1979, or in the lower estuary, as in 1980) but more or less completely cease their fattening for the second half of the staging period.
Individual variability in our results was considerable. For instance, some females from SPA carried more than twice as much fat as others (extremes of 325 and 750 g of fat) upon departure, and a similar situation prevailed among the SC1 males in 1979. We must recall that our sample is "contaminated" by the presence of sub-adults of both sexes whose nonbreeding program probably imposes much less pressure for fat accumulation by comparison with adult breeders. However,, we found no indication that flock composition (age-wise) could differ so much between the two sites as to cause the observed differences in fattening. Thus, the proportion of juveniles and presumably that of subadults as well, was the same in the two flocks throughout the study. A part of the variation in our results could also stem from inherent structural differences among individuals. In the Lesser Snow Goose, for instance, Ankney and MacInnes (1978) noted that body weight (which they used as an indicator of body condition) was significantly related to culmen length upon arrival on the breeding grounds.
We attempted to correct for structural differences by dividing TFR by various morphometric measurements but without success. Following Wishart (1979) we then used the fat-free dry weight (FFDW) of the bird as an indicator of a structural difference in our samples (such an index can be used since there is no concurrent protein deposition). In 1979, we found a weak but significant correlation between TFR and FFDW in males (r = 0.26, P < 0.01, n = 84) and in females (Y = 0.27, P < 0.0 1, II = 90). Therefore, the variability in the levels of lipid storage attained by different individuals can be partly accounted for by body size alone. In such instances, Gyug and Millar (1980) have suggested using the FFDW as a covariate but we were unable to use this approach because one or more organs in most birds had been damaged by the shot.
In 1980, we were able to collect 12 birds on the day of their arrival at the SC1 site, and the fat reserves of these individuals amounted to 9% at the time (Table 1) . Other samples obtained soon after arrival, but after a few days of local feeding, produced values of fat reserves around 10%. We consider that such a level is moderate and presume that fattening had begun before arrival in the St. Lawrence River estuary. Unfortunately, winter and early spring weights and fat contents are not available at this time. In Lesser Snow Geese, it is established (Ankney 1982) that body weight rises from a very low level in late winter (in Texas) just before departure for the continental staging grounds (Flickinger and Bolen 1979) to a very high value just after arrival on the breeding grounds at McConnell River. The body weight values in females increased from 1,800 g (probably equivalent to 5-6% fat index) to 2,900 g between these two moments of the yearly cycle.
An alternative explanation for the presence of relatively high early-staging levels of fat reserves would be that the Greater Snow Geese have not undergone a mid-winter period of reserve depletion. Raveling (1979) We believe that differences in the time devoted to feeding and in the nutritional value of food items between the two sites led to the observed differences in the fat levels reached. In 1979 and 1980, the SC1 females left with about 50 g more of extractable fat than those of SPA, while SC1 males left with 120 g more. These quantities are equivalent to 1,880 and 4,5 15 kJ, respectively. Using the equation by Aschoff and Pohl(l970), we can calculate that such reserves are equivalent to approximately three and seven days of energy expenditure at basal metabolic rate. In females, 50 g of fat is about the energetic equivalent of 2.5 eggs (see Ankney and Bisset 1976 for egg weight and Ricklefs 1974 for caloric content).
The existence of a greater difference between habitats in the post-staging condition of males as opposed to females is difficult to interpret at this time. The bioenergetic stresses of breeding are much smaller in males and therefore sizable differences such as those reported here can be tolerated without ill effects. In Lesser Snow Geese, however, males have apparently a crucial energy-demanding role in protecting females from sexual harassment by neighbors and from egg-dumping by other females in the dense colonies that are typical of this subspecies. Mineau and Cooke (1979) and Owen and Wells (1979) have commented on these problems. In Greater Snow Geese, the nesting colonies seem much looser (Lemieux 1959 ) and the importance of fat reserves stored during staging by males while on the breeding grounds is unknown.
Our results suggest that Greater Snow Geese have a diminished success in accumulating fat in this newly invaded spring staging habitat in salt marsh.
